The aim of this study was to evaluate the role and efficacy of a total 360°wrap, Nissen-Rossetti fundoplication, after esophagogastromyotomy in the treatment of esophageal achalasia. Summary Background Data: Surgery actually achieves the best results in the treatment of esophageal achalasia; the options vary from a short extramucosal esophagomyotomy to an extended esophagogastromyotomy with an associated partial fundoplication to restore the main antireflux barrier. A total 360°fundoplication is generally regarded as an obstacle to esophageal emptying. Matherials and Methods: Since 1992 to November 2003, a total of 195 patients (91 males, 104 females), mean age 45.2 years (range, 12-79 years), underwent laparoscopic treatment of esophageal achalasia. Intervention consisted of Heller myotomy and Nissen-Rossetti fundoplication with intraoperative endoscopy and manometry. Results: In 3 patients (1.5%), a conversion to laparotomy was necessary. Mean operative time was 75 Ϯ 15 minutes. No mortality was observed. Overall major morbidity rate was 2.1%. Mean postoperative hospital stay was 3.6 Ϯ 1.1 days (range, 1-12 days). At a mean clinical follow up of 83.2 Ϯ 7 months (range, 3-141 months) on 182 patients (93.3%), an excellent or good outcome was observed in 167 patients (91.8%) (dysphagia DeMeester score 0 -1). No improvement of dysphagia was observed in 4 patients (2.2%). Gastroesophageal pathologic reflux was absent in all the patients. Conclusions: Laparoscopic Nissen-Rossetti fundoplication after Heller myotomy is a safe and effective treatment of esophageal achalasia with excellent results in terms of dysphagia resolution, providing total protection from the onset of gastroesophageal reflux. (Ann Surg 2005;241: 614 -621) E sophageal achalasia is a functional disease of unclear
etiology. It is characterized by a defective peristaltic activity of the esophageal body and impaired relaxation of lower esophageal sphincter (LES) with difficulty in the progression of food to the stomach. The aim of the treatment is the relief of dysphagia through the reduction or complete elimination of LES pressure, which can be achieved by means of nonsurgical therapy (botulinum toxin injection or endoscopic pneumatic dilatation) [1] [2] [3] [4] 
or by surgical treatment.
As what concerns surgery, actually a minimally invasive approach is preferred and the options vary from a short extramucosal esophagomyotomy to an extended esophagogastromyotomy. The latter procedure relieves dysphagia but exposes the patient to pathologic gastroesophageal reflux. 5 To restore the main antireflux barrier, a partial fundoplication is normally realized. A total 360°fundoplication is generally considered as an obstacle to the normal esophagogastric transit overall for patients with an impaired esophageal peristalsis. The aim of the current study is to evaluate the role and efficacy of a total 360°wrap, Nissen-Rossetti fundoplication, after esophagogastromyotomy in the treatment of esophageal achalasia.
MATERIALS AND METHODS
Since 1992 to December 2003, a total of 195 patients, (91 males and 104 females), mean age 45.2 years (range, 12-79 years), underwent laparoscopic treatment of esophageal achalasia. Preoperative workup included clinical assessment, upper gastrointestinal barium meal, esophagogastroduodenoscopy (EGDS), esophageal stationary manometry, and pH monitoring. Symptoms were assessed using a modified DeMeester symptom scoring system (Table 1 ). 6 On the esophagogram, the diameter of the esophagus, 8 cm proximal to the gastroesophageal junction, was measured and the disease graded as follows: stage I, diameter less than 4 cm; stage II, diameter between 4 and 6 cm; stage III, diameter greater than 6 cm; and stage IV, any diameter with sigmoid configuration of the distal esophagus. Stationary esophageal manometry was carried out using 8-channel perfusion catheters, 4 disposed radially and oriented at 90°to each other and 4 positioned longitudinally at intervals of 5 cm. The catheter was perfused with distilled water using a low-compliance capillary pump at a constant infusion rate of 0.8 mL/min at 1.2 kg/cm 2 . A system of pressure transducers transmitted data to an acquisition device (ACQ1; Menfis bioMedica, Bologna, Italy) and from there to a personal computer. A specific software package (Dyno 2000; Menfis bioMedica) was used for data acquisition and processing. The following variables were assessed: 1) resting pressure of the lower esophageal sphincter, 2) relaxation of the LES in response to swallowing, and 3) amplitude and propagation of peristalsis. The LES was studied with both the stationary and the rapid pullthrough methods. When the catheter did not pass the cardia, a guidewire placed in the stomach in the course of EGDS was used. Esophagogastric pH monitoring was carried out using 2 glass probes, which were connected to a portable, solid-state recorder (Digitrapper Proxima; Synetics Medical, Sweden); the electrodes were placed, respectively, 5 cm above the proximal margin and 5 cm below the distal margin of the LES, identified by means of stationary manometry. For the statistical analysis, results were expressed as a mean value Ϯ standard deviation; correlations among the various parameters were analyzed using Fisher exact test. The Wilcoxon signed rank test was used to compare the preoperative and postoperative modified DeMeester symptom score. The P value was considered statistically significant when below 0.05.
Operative Technique
The patient is placed in a lithotomy position with legs abducted. The surgeon stands between the patient's legs with the first assistant on his right and the second on his left. After a 12 mm Hg pneumoperitoneum induction by a Veress needle, 5 trocars (3 10 mm and 2 5 mm) are introduced as in Figure 1 . With the left lobe raised, the cardia is exposed and the gastroesophageal junction is identified with the help of the transillumination provided by the endoscope. The surgeon, using a grasper on his left and an ultrasound dissector (Ultracision; Ethicon Endo-Surgery, Cincinnati, OH) on his right hand dissects the fold of the peritoneal reflection and completely resects the gastrophrenic ligament. After exposing the esophageal anterior wall and identifying the anterior vagal nerve, dissection of the diaphragmatic crus is carried out and the esophagus is widely mobilized on its lower mediastinal and abdominal portion. Taking care to avoid injury to the posterior vagal nerve, a wide retroesophageal space is created and the esophagus is gently retracted. Then esophageal and gastric myotomy is started up; a close collaboration between the endoscopist and the surgeon is determining at this stage of the procedure. Thanks to the insufflation and transillumination properties of the endoscope, it is possible to see when the proper extramucosal layer has been reached by the herniation of the esophageal mucosa through the muscular defect and to verify the absence of mucosal tears. The extramucosal plan can be easily dissected cranially up to the dilated esophageal tract (generally 5-6 cm). The myotomy is completed distally proceeding onto the stomach for at least 2 cm. An endoscopic image showing a single cavity between the esophagus and the stomach is used to confirm a correctly performed myotomy. Then, intraoperative manometry is carried out using a 4-channel perfusion catheter positioned in the stomach by means of a guidewire left in place during endoscopy. Residual LES pressure is measured with a pullthrough technique; values less than 4 mm Hg are considered satisfactory. After, an antireflux wrap is confec- tioned; routinely, we use the anterior wall of the gastric fundus to perform a 360°Nissen-Rossetti fundoplication. The 2 gastric hemivalves are sutured with 2 nonabsorbable stitches placed 20 mm apart. The suture does not include esophageal wall diaphragmatic pillars or lesser gastric curve. In our experience, it was never necessary to section the short gastric vessels. Then, the endoscope is reinserted to check the morphologic aspect of the fundoplication. A stationary manometry is repeated to measure the new high-pressure zone (HPZ), which is calibrated generally at values between 20 and 40 mm Hg. Whenever the pressure is found outside this range, the wrap is taken apart and reconfectioned.
RESULTS
A total of 195 patients (91 males, 104 females), mean age 45.2 years (range, 12-79 years) were operated. Mean duration of symptoms was 4.6 Ϯ 2.7 years (range, 1-23 years). All patients reported dysphagia and regurgitation, whereas heartburn was present in 43 patients (22.1%). Twenty-one patients (10.8%) had undergone LES pneumatic dilatation before surgery with temporary or no relief of dysphagia. According to the preoperative barium swallow, patients were classified as follows: 24 patients stage I (12.3%), 98 patients stage II (50.3%), 51 patients stage III (26.2%), and 22 patients stage IV (11.3%). Mean esophageal diameter was 49 Ϯ 15 mm. At manometric evaluation, mean LES pressure was 43.2 Ϯ 11.7 mm Hg (range, 24 -68 mm Hg). Lower esophageal sphincter relaxation and esophageal peristalsis were absent in all the patients. A pathologic DeMeester score (49 Ϯ 19) was found at pH monitoring in 12 patients (6.2%), all of whom reported heartburn.
Mean operative time was 75 Ϯ 15 minutes (range, 40 -140 minutes). No mortality was observed. In 14 patients (7.2%), an intraoperative mucosal tear occurred. In 12 cases, an immediate repair was possible by placing 1 or 2 stitches and abdominal drainage. In the other 2 cases, at the beginning of our experience, a conversion to open procedure was necessary. Another conversion was required for respiratory troubles linked to pneumoperitoneum. The overall rate of conversion (3 of 195) was 1.5%. In 4 patients (2.1%), an esophageal leak was diagnosed on the second postoperative day. Two of them underwent repair by means of a second laparoscopic procedure, with suture of the lesion and posi-tioning of an abdominal drain; in another patient who had developed a left subphrenic abscess, it was treated by means of a computed tomography-guided drain; in the last patient, the leak was treated with total parenteral nutrition for 12 days. Mean postoperative hospital stay was 3.6 Ϯ 1.1 day (range, 1-12 days).
Clinical follow up was established on an outpatient basis; the patients came to our department and were invited to fulfill a questionnaire based on the modified DeMeester score each 6 months after the operation on the first postoperative year and after each year until November 2003. Mean follow up was 83.2 Ϯ 7 months (range, 3-141 months) on 182 patients (93.3%). The results were as follows: an excellent outcome was observed in 167 patients (91.8%) who reported a dysphagia DeMeester score between 0 and 1 (no dysphagia or only occasional transient episodes); in 11 patients (6.0%), the DeMeester dysphagia score was 2 (necessity of liquids swallowing to clear); 4 patients (2.2%) referred no improvement of dysphagia (DeMeester score 3). Of these last patients, 2 were successfully treated with endoscopic dilatations, whereas in 2 cases, a second laparoscopic procedure was necessary, respectively, at 4 and 6 months from the intervention; a diffuse periesophageal sclerosis was the cause of failure of the first procedure, but also the second laparoscopic procedure was not able to obtain a significant dysphagia improvement. In 1 patient (0.5%), after an initial clinical improvement, recurrence of dysphagia was observed at 8 months from the operation as a result of scar formation on the margins of the myotomy; in this case, the resolution of dysphagia was obtained with a second laparoscopic procedure. Analyzing all the series, however, a statistically significant improvement of the dysphagia was observed varying from a mean preoperative DeMeester score of 2.47 Ϯ 0.43 to a postoperative score of 0.57 Ϯ 0.36 (P Ͻ 0.05) ( Table 2) . Also, regurgitation symptoms showed a significant reduction from a preoperative score of 2.33 Ϯ 0.35 to a postoperative score of 0.45 Ϯ 0.26 (P Ͻ 0.05) ( Table 2 ).
Instrumental follow up was possible on 75 patients (38.5%) who all underwent barium swallow examination, stationary esophageal manometry, and 24-hour esophagogastric pH monitoring. Barium swallow examination showed a significant reduction of esophageal diameter (49 Ϯ 15 vs. 35 Ϯ 12 mm) (P Ͻ 0.05) ( Table 2 ). However, postoperative outcome was significantly related to preoperative radiologic stage of the disease; the 15 patients with a postoperative 2-3 DeMeester score all presented with a preoperative III-IV radiologic stage. Stationary esophageal manometry showed a mean value of 18.3 Ϯ 2.83 mm Hg in the new HPZ significantly reduced in comparison with preoperative values (P Ͻ 0.05) ( Table 2 ). In addition, in 13 patients (17.3%), a partial return of the peristaltic activity in the body of the esophagus seemed demonstrated; in 20% of wet deglutitions, primary peristaltic waves of regular amplitude were registered. Gastroesophageal pathologic reflux was absent in all the patients also at pHmetric evaluation.
DISCUSSION
The treatment of esophageal achalasia aims to relieve dysphagia. Pneumatic dilatation has been the treatment of choice for several years, being carried out on an outpatient basis. The therapeutic success rate for the first treatment ranges from 50% to 65%, depending on the dilator and technique used. [7] [8] [9] Nevertheless, more cycles are required to obtain stable results and the long-term success rate is rather low, resulting in permanent successful treatment of achalasia in only 40% to 50% of patients; 9,10 furthermore, the procedure is associated with a nonminimal incidence of complications such as esophageal perforation ranging from 2% to 15%. 11, 12 In the last years, an alternative method of treatment, endoscopic botulinum toxin injection into the LES, has been widely adopted. Botulinum toxin produces temporary LES relaxation by inhibiting acetylcholine release in presynaptic nerve endings. Despite an initial success rate (60 -85%), however, only half of the patients benefit for more than 1 year and relapse of dysphagia is often observed in the first 6 months after the procedure. 10, 13 Furthermore, both pneumatic dilatation and botulinum toxin injection seem to increase the difficulties of performing an esophageal myotomy and so the risks of esophageal perforation during surgery, as described in the experience of many authors, 14 -19 the gastroesophageal junction is much more scarred in patients who have been dilated or treated with Botox, resulting in a more difficult dissection in the submuscular plane over the mucosa. Although some authors did not find a significant increased incidence of perforation in their experience, 20 -22 neither observed a worse outcome in patients undergoing endoscopic treatments before surgery. 22, 23 However, actually, surgery seems the treatment of choice for esophageal achalasia, achieving better and longer-lasting symptomatic relief than that obtained with medical or endoscopic treatment. 24 -26 Surgical therapy relies on an extramucosal esophageal myotomy for the first time described by Heller in 1913. 27 The length of myotomy, the option of associating an antireflux procedure, and the type of fundoplication to perform represent the more debated points regarding such a procedure. The wide diffusion of minimally invasive surgery during the last decade rapidly increased the indications for surgery for these patients. The first description of a myotomy performed through a thoracoscopic approach was published by Pellegrini in 1992, 28 who initially gained large consensus for this kind of approach. Since then, other series have been reported. 29, 30 In the experience of these authors, according to the original technique described by Ellis, 31 the myotomy was extended for 6 to 7 cm on the esophagus and for only 0.5 cm on the stomach. The rationale for this short myotomy relies on the belief that most of the LES resides within the esophagus and that preserving the sling fibers of Willis at the gastroesophageal junction should prevent the occurrence of postoperative acid gastroesophageal reflux without determining any obstacle to swallowing. However, as long-term follow up was obtained, the initial good results significantly worsened. Pellegrini observed persistent or recurrent dysphagia subsequent to an incomplete myotomy in 9 of 35 patients (26%); furthermore, although few patients complained of gastroesophageal reflux symptoms, 24-hour pH monitoring demonstrated abnormal levels of esophageal acid exposure in 60% of operated patients, secondary to a too-long myotomy. 32 Despite other authors obtained good results with esophagomyotomy without a antireflux procedure, reporting a 5% to 12% incidence of esophageal acid reflux also at a long-term follow up, 30, 33 thoracoscopy has been progressively abandoned; several randomized trials seem to demonstrate the advantages of the laparoscopic approach, which is associated with lesser postoperative pain, shorter length of hospital stay and recovery, and better long-term quality of life. 34 -36 Furthermore, the thoracic approach has been considered troublesome for different reasons; the surgeon works orthogonal to the longitudinal axis of the esophagus and cannot precisely determine the exact length of myotomy onto the cardia or correctly visualize the gastroesophageal junction; the intervention is performed in the lateral decubitus position with a double-lumen tube, and a chest drainage is required after surgery so it takes a longer operative time. [37] [38] [39] Instead, laparoscopy can provide good visualization of the distal esophagus and anterior gastric wall. The wide diffusion of this approach rapidly changed the surgical technique; actually, most authors perform a long myotomy, extended for at least 2 cm on the anterior gastric wall, associated with an antireflux fundoplication. Although some authors 20,40 -43 still deny the necessity of adding an antireflux procedure, it seems necessary because pathologic gastroesophageal reflux can be subsequent to a long myotomy in a great percentage of cases (Ͼ50%). 44 -47 Most studies have shown that this procedure provides excellent outcome in more than 80% of patients with a low rate of related complications (Table 3) .
Still controversial is the issue of which type of fundoplication should be added to the esophagogastromyotomy. Anterior 180°Dor and posterior 180°Toupet fundoplication are the 2 commonly used antireflux procedures. Supporters of Dor fundoplication argue that it is easier to perform and does not require an extensive dissection of the gastroesophageal junction so preserving the mechanism of a competent cardia and protect the esophagus after the myotomy; furthermore, it does not angulate the distal esophagus like Toupet fundoplication. Advantages of Toupet wrap are that it leaves the myotomy uncovered and pulls the muscle edges in opposite directions, preventing the reapproximation of the myotomy and so the occurrence of a recurrent dysphagia. Actually, however, there is still no evidence to support a choice, and no randomized trial comparing the 2 techniques has been performed. There is only 1 report by Oelschlager et al 58 that compares the clinical outcome in 2 groups who underwent, respectively, laparoscopic standard esophagogastric myotomy with Dor fundoplication and extended gastric myotomy (3 cm) with Toupet fundoplication. Although the incidence of pathologic gastroesophageal reflux was comparable in the 2 groups (6.0% vs. 5.9%), 17% of patients had recurrent dysphagia in the first group versus 3% in the second one. Anyway, no conclusions could be drawn from this study because follow-up length was different for the 2 groups and, overall, 2 variables were introduced in the second group (length of myotomy and type of fundoplication) so it was difficult to attribute the better results in terms of postoperative dysphagia to the lengthened myotomy or to modified wrap. Anyway, the outcome after these 2 procedures seems comparable in the experience of the different authors. Success rates associated to a 180°Toupet posterior fundoplication with esophagogastromyotomy have been reported in the range of 67% to 90% with a gastroesophageal reflux (GER) rate of 5% to 27%. 18, 59, 60 Recent reports have showed success rates of 85% to 90% 52,53,61,62 associated to 180°Dor anterior fundoplication and myotomy, with an incidence of pathologic GER between 6.7% and 27.3%. 47, 52, 53, 62 Instead, most authors agree that a 360°fundoplication after myotomy would increase LES pressure and could represent an obstacle to food transit for an esophagus with a defective peristalsis. At a long-term follow up on 17 patients who underwent a complete myotomy and short floppy Nissen fundoplication, Topart 63 demonstrated that recurrence of symptoms occurred in 14 of them (82.4%), with esophageal stasis present in 75% of the cases. Very few data have been published supporting the need for a complete 360°fundoplication after Heller myotomy for achalasia. 51 ing drugs, esophagitis was seen under medical treatment in 6 of 9 patients (66.7%) in the Heller group. In our opinion, Nissen-Rossetti fundoplication, as we perform it, is able to achieve a complete protection from gastroesophageal reflux without determining a real swallowing obstacle; in our series in 167 of 182 patients (91.8%), an excellent outcome was reported, and only 4 patients (2.2%) referred no improvement of dysphagia, results not different from most authors' experience (Table 3) . Instead, we observed a complete absence of gastroesophageal reflux also at pHmetric evaluation, differently from other authors who performed a partial fundoplication (Table 3 ). Other authors relieved that patients' satisfaction for the operation was more related to the absence of dysphagia than to the presence of GER symptoms. 66 Instead, in our opinion, the prevention of postoperative reflux is determining in these patients with a defective esophageal clearing to protect the esophageal mucosa from a persisting continuous damage and only a total fundoplication can achieve this result. We believe in the necessity of performing intraoperative manometry and endoscopy to verify the completeness of myotomy and the absence of mucosal tears, as we already proposed. 67, 68 Thanks to its insufflation and transillumination properties, endoscopy is able to distend the region of exposed submucosa, so that residual circular muscle fibers can be seen. From within the esophageal lumen, the esophagogastric junction should easily open in response to the insufflation. If it does not, it may be necessary to extend the myotomy generally onto the gastric cardia. Only when an endoscopic image of a single cavity between the esophagus and the stomach is obtained, we consider to have realized a complete myotomy. Furthermore, endoscopy can reveal the presence of mucosal lesions, which can occur in up to the 15% of the cases, 21 as confirmed in our experience (7.2%). Mucosal tears occurred in our series were all identified and intraoperatively repaired under endoscopic visualization. Anyway, endoscopic evaluation, which has been supported by many authors, 20, 23, 56, 69 has to be integrated with manometric measurement; intraoperative manometry is able to verify the suppression of residual LES pressure and it does not seem to be influenced by the pneumoperitoneum, because the increase in pressure is uniformly transmitted to all the structures. 68, 70 Measurement of residual LES pressure allowed identification of persistent areas of high pressure after initial myotomy in 13% to 50% of the cases in other series. 69, 71, 72 Also in our experience, it was detected an incomplete LES suppression (residual pressure Ͼ4 mm Hg) in 25 of 195 patients (12.8%) despite endoscopic visualization of an apparently complete myotomy. In these cases, a revision of the myotomy was required. So we believe that only associating endoscopic and manometric evaluation, completeness of myotomy can be safely verified. We also believe that it is necessary to perform esophageal manometry after the completion of the procedure, calibrating the Nissen-Rossetti fun-doplication at a range of 20 to 40 mm Hg. This represents a determining evaluation to achieve the main goal of the surgical treatment, ie, the remission of dysphagia without the occurrence of pathologic GER; a calibrated total fundoplication is able to preserve esophagogastric transit while avoiding the occurrence of pathologic GER. This hypercalibration results from the retrospective evaluation of a former series when, at the beginning of our experience, we used to calibrate the fundoplication to pressure values similar to those of a normal sphincter (normocalibrated Nissen 10 -20 mm Hg). This experience was followed by a high rate of gastroesophageal reflux (28.5%) in the first 12 months after surgery. 68 Also, manometric follow up seems to support our choice; the new HPZ mean value decreases to 18.3 Ϯ 2.83 mm Hg, significantly less than preoperative measurement and comparable with normal LES values; in addition, in 13 patients (17.3%), a partial return of the peristaltic activity in esophageal body seems demonstrated. In 20% of wet deglutitions, primary peristaltic waves of regular amplitude were registered. This, in our opinion, could be explicated as a consequence of reduction of esophageal body diameter in the postoperative period. In fact, in a dilated esophagus, the manometric probe registers motor activity from a common pression chamber and so the peristaltic wave can appear as a synchronous wave with diminished amplitude. Anyway, no conclusions can be drawn and we are now performing a 24-hour manometric evaluation in these patients to confirm these data. Another matter of concern is represented by the question if the excellent results of myotomy are stable over time. Ellis 31, 33 demonstrated that the early good outcome was likely confirmed also at a long-term follow up, even though with an expected decrease in the excellent results, as reported also in other series. 46, 64 This was not confirmed in other authors' experience; Di Simone 73 showed that the curve representing the rate of patients free from dysphagia after the operation dropped to 77.3% at the third postoperative year and remained stable until the tenth year after the operation; it further decreased to 71.9% at the 11th year and then remained stable until the 20th postoperative year. Wills 51 showed that only the 37% of the patients in clinical remission immediately after the operation had a good outcome at 7 years follow up.
Our data at a mean long-term follow up of 83.2 Ϯ 7 months (range, 3-141 months) seem to confirm that laparoscopic myotomy and fundoplication can achieve results stable over the time with no deterioration of good or excellent outcome; in our series, only 1 patient (0.5%) presented a recurrent dysphagia 8 months after the operation requiring a second laparoscopic procedure.
CONCLUSIONS
Laparoscopic Nissen-Rossetti fundoplication after Heller myotomy is a safe and effective treatment of esopha-Annals of Surgery • Volume 241, Number 4, April 2005 Total Fundoplication Is Not an Obstacle to Esophageal Emptying geal achalasia, achieving stable excellent results in terms of dysphagia resolution without occurrence of new-onset gastroesophageal reflux also at a long-term follow up.
